The extracellular polysaccharides and lipopolysaccharides (LPSs) from two fast-growing Rhizobium japonicum strains, USDA 205 and HC205, were isolated and partially characterized. Strain HC205 is a Nodmutant of USDA 205 which lacks the symbiotic plasmid. The extracellular polysaccharides from both strains are very similar in composition, having galactose, glucose, glucuronic acid, and acyl groups. The extracellular polysaccharides do not contain detectable levels of pyruvate. Methylation analysis shows that the extracellular polysaccharides from both strains have the same glycosyl linkages. The LPSs were purified by a modified phenol-water extraction procedure and gel filtration chromatography. The LPSs from USDA 205 and HC205 elute as broad peaks from the gel ifitration column and contain 2-keto-3-deoxyoctonic acid as one of the major sugar components. Each broad 2-keto-3-deoxyoctonic acid-containing peak has a distinct shoulder on its leading edge. The shoulder and the remainder of the broad peak are separated and labeled LPSI and LPSII, respectively. Glucose (and 2-keto-3-deoxyoctonic acid) is a major sugar in the LPSI fractions. Both the LPSII fractions contain 2-keto-3-deoxyoctonic acid as the major sugar (about 20% of the mass). There are a number of quantitative differences in these LPS fractions between strain USDA 205 and HC205. Polyacrylamide gel electrophoresis shows that the LPSs are heterogeneous molecules but less heterogeneous than the LPSs from Salmonella minnesota or Rhizobium leguminosarum. The LPSI fractions from both USDA 205 and HC205 show a single lower-molecular-weight band and a higher-molecular-weight banding region which contains several bands. No bands are observed for the LPSII fractions from either USDA 205 or HC205.
There are many reports which implicate that the surface polysaccharides of rhizobia play an important role in determining the specificity of Rhizobium-legume symbiosis (3, 6, 10, 29) . A current hypothesis, still in debate, is that host plant lectins interact selectively with microbial cell surface carbohydrates and serve as determinants of recognition or host specificity. Several reviews have appeared recently which discuss recognition in plant-microorganism interactions and the possibility of lectin-mediated recognition (3, 6, 10, 26, 29) .
Recently Keyser et al. (19) have characterized a new group of fast-growing, acid-producing rhizobia from the People's Republic of China that are capable of nodulating soybeans. Although these isolates share host-specificity characteristics with the slow-growing Rhizobium japonicum strains, their biochemical properties are more closely related to other fast-growing species of Rhizobium. There are reports in which several fast-growing strains of R. japonicum are partially characterized with respect to antibiotic sensitivity, plasmid content, and nodulation capability (2, 13, 19, 23, 28, 33) . In addition D. S. Heron and S. G. Pueppke (Plant Physiol. 72:158, 1983 ) have shown that 10 fastgrowing R. japonicum strains do not bind soybean lectin. Masterson et al. (23) and Appelbaum et al. (2) Similar results were obtained for USDA 205 (B. Rolfe, personal communication). The hybridization of the Rhizobium meliloti P2 promotor to DNA from R. trifolii, R. leguminosarum, R. japonicum, and R. phaseoli shows that there is conservation among rhizobia of regulatory sequences concerned with symbiotically controlled transcription of nif genes (4) . The fact that the plasmids from five fast-growing R. japonicum strains have homology to the nifD and nifH genes of R. meliloti (23) suggests that this conservation extends to the fast-growing R. japonicum. Unlike the fast-growing Rhizobium species, the slow-growing R. japonicum strains, e.g., 61A76 or 61A123, appear to have their symbiotic genes on the chromosome (12, 23) . The availability of these fast-growing R. japonicum strains will facilitate the identification of the genes and their products, which are required for R. japonicum-soybean symbiosis. At the present time there is one report which describes the extracellular polysaccharide (EPS) composition of fastgrowing R. japonicum USDA 191 (20) .
In Growth conditions. The bacteria were grown in 8-liter batches at room temperature (about 25°C) with aeration with filter-sterilized air. The medium was yeast extract-mannitolgluconate containing (per liter) 0.5 g of K2HPO4, 0.2 g of MgSO4 * 7H20, 0.1 g of NaCl, 5 g of mannitol, 5 g of gluconate, and 0.5 g of yeast extract. The pH was adjusted to 6.8. The bacteria were checked for their ability to grow on solid media, restricted growth on nutrient agar, by Gram staining, and for their ability to nodulate Peking soybean, or in the case of HC205 its inability to nodulate Peking soybean, (seeds donated by Jack Paxton of the University of Illinois). The bacteria were grown to stationary phase and harvested by centrifugation. The optical density (OD) at 620 nm at the time of harvest was 1.9 for both strains.
Polysaccharide isolation and characterization procedures. The polysaccharides were isolated as previously described (8, 9) . The EPSs were isolated from concentrated culture supernatants by precipitation with 3 volumes of ethanol and further purified by precipitation with cetyltrimethylammonium bromide (27) . The LPSs were isolated by phenolwater extraction (32) as modified by Johnson and Perry (17) and by Carlson et al. (9) . The aldose compositions of the various polysaccharide fractions were determined by gas chromatography (GC) analysis of the alditol acetate derivatives (1) . Identification of the various sugars was made by comparing retention times to known standards and also by combined GC-mass spectrometry (MS) analysis. The GC-MS analyses were run at the National Institutes of Health Regional Center at Washington University in St. Louis, Mo., and by M. McNeil at the University of Colorado, Boulder, Colo. All GC analyses were performed with a 4-mm (inner diameter) by 6-m glass column packed with SP2330 (Supelco, Bellefonte, Pa.). 2-Keto-3-deoxyoctonic acid (KDO), uronic acid, pyruvate, and acyl groups were determined by colorimetric assays (5, 14, 18, 31) . In addition KDO was identified by reduction of the carboxyl group, followed by preparing the alditol acetate derivatives and GC analysis (York et al., Carbohydr. Res., in press). The LPS fractions contain KDO with the same retention time as authentic KDO. Sugar linkages of the EPSs were determined by methylating the polysaccharides before preparing the alditol acetates (30) and analyzing the methylated alditol acetates by GC-MS. Protein content was determined by the Lowry assay procedure with bovine serum albumin as a standard. Polyacrylamide gel electrophoresis was done as previously described (7, 15) . The gels were stained for LPS by the silver staining procedure of Hitchcock and Brown (15) . Other procedural details are given in the figure legends.
RESULTS
Phenol-water extraction of the LPSs. Sepharose 4B column chromatography of the polysaccharides extracted into the water layer results in three peaks: a hexose-containing peak at the void volume, a broad KDO-containing peak, and a hexose-containing peak near the included volume (Fig. 1A) . The broad KDO-containing peak was collected, dialyzed, freeze-dried, and applied to a second 4B column (Fig. 1B) . Two KDO peaks were observed, one of which was a higher-molecular-weight shoulder on the leading edge of the second peak. The second peak was quite broad. These two peaks were collected and are labeled LPSI and LPSII, Sepharose 4B elution profile of the water layer from the phenol-water extraction of R. japonicum HC205. Hexose (0) was measured by the anthrone assay, and the absorbance was measured at 620 nm. KDO (a) was measured by the thiobarbituric acid assay, and the absorbance was measured at 548 nm. The KDO-containing fractions shown in the brackets in A were combined and rechromatographed (B). The two KDO peaks obtained in B were separated and labeled LPSI and LPSII as shown. The buffer for both column runs was 10 mM EDTA-30 mM triethylamine containing 0.02% sodium azide. Column runs were made on a 1.5-by 115-cm column.
respectively. Figure 1 shows the 4B profiles for HC205. The results for USDA 205 were the same as those shown for HC205. The yields of LPS from 8-liter batches (LPSI and LPSII) of USDA 205 and HC205 were 250 and 107 mg, respectively.
Composition analysis of the phenol-water-extracted polysaccharides. The 4B void and included peaks from both strains contained largely glucose, about 90% of the hexose composition. Thse fractions have not been further characterized at the present time. The LPSI and LPSII compositions are given in Table 1 . Reduction of the uronic acid by methanolysis followed by treatment with NaBH4 (11) and acetylation analysis resulted in increases in glucose for the LPSs from both USDA 205 and HC205. These results indicate that the uronic acid found in the LPSs is glucuronic acid. There were numerous quantitative differences in the LPS compositions between strains USDA 205 and HC205. The LPSI from HC205 was reduced in galactose and glucose and increased in mannose uronic acid and acyl groups. The LPSII from HC205 was also reduced in galactose and Figure 3 shows the GC profile of the methylated alditol acetates of the carboxylreduced EPSs from strains USDA 205 and HC205. Table 3 gives the compositions of the methylated EPSs and the carboxyl-reduced, methylated EPSs. The major sugar linkage was a 4-linked glucose residue. Uronic acid carboxyl reduction with NaBD4 resulted in the appearance of a 3-linked glucose. Combined GC-MS analysis shows that the C-6 for this 3-linked glucose contains two deuterium atoms. In addition the carboxyl-reduced methylated EPSs also show that a small portion of the 4-linked glucose residues have two deuterium atoms on C-6. These results show that the EPSs contain 3-and 4-linked glucuronic acid residues. We also must report that the 3-linked glucuronic acid accounts for 4 to 5% of the EPS glucosyl residues, whereas uronic acid accounts for 25 to 29% of the EPS. Therefore a large portion of the uronic acid residues remains unreduced before methylation analysis. The reason for this underreduction of uronic acid is not known. Alternate procedures will have to be developed to ensure complete reduction.
There are some apparent differences between the strains in the amounts of terminal glucose, terminal galactose, and 3-linked glucose (in the carboxyl-reduced EPSs). In addition the terminal glycosyl residues do not equal the amount of branching residues. The amounts of terminal residues can be affected by the presence of unreduced uronic acid. For example, the p-elimination of uronic acid would result in Our results show that the EPSs from strain USDA 205 and its mutant HC205, which lacks the symbiotic plasmid, do not differ significantly in composition or in their glycosyl linkages. These data suggest that both EPSs have the same structure with regard to the arrangement of their glycosyl residues. Therefore the results indicate that genes on the symbiotic plasmid do not dictate the glycosyl arrangement of the EPSs from these two strains. The data do not eliminate the possibility that the symbiotic plasmid dicates the presence or location (or both) of substituent groups. We have also observed that strains of R. trifolii which lack the symbiotic plasmid or which are mutated in the nodulation genes of the symbiotic plasmid are not altered in their EPS structure (R. W. Carlson et al., submitted for publication). If EPSs are involved in the symbiosis between the fast-growing R. japonicum strains and soybean then there must be some subtle differences which we have not yet detected. These subtle differences could be expressed at only a particular growth stage or require induction by the host plant or both. Growth stage variations in the EPSs and induction of capsules and lectin binding by the host have been reported by other workers (3, 10) . In the case of R. trifolii, these variations occur in substituent groups such as acetyl, pyruvyl, and 3-hyroxybutyrate (16) . The EPSs from USDA 205 and HC205 likely contain acetate but not pyruvate. However the EPS from strain USDA 191, another fastgrowing R. japonicum strain, does contain pyruvate (20) . Thus it is possible that changes in the presence or location (or both) of these groups may occur as a function of growth phase or the presence of the host root. At the present time this possibility for the fast-growing R. japonicum strains has not been investigated.
LPSs. Usually the LPSs are purified by phenol-water extraction, treated with nuclease enzymes, and then subjected to Sepharose 4B column chromatography with an EDTA-triethylamine solution (5, 9) . However this procedure, when used for strains USDA 205 and HC205, results in LPS preparations which contain both ribose and a lambda maximum at 260 nm. Both the ribose and 260 nm absorbance are resistant to further RNase treatment. A previous report suggested that phenol-water extraction may produce RNA which is resistant to RNase (17) . In that report a modified procedure is described in which the bacteria are treated with lysozyme, DNase, and RNase before phenol-water extrac- The major differences between the two strains occur in the LPS fractions. It is not known whether these differences are related to symbiosis, since removal of the entire symbiotic plasmid also removes genes which are not involved in symbiosis. More defined mutants will be required to determine whether these changes in the LPS fractions are related to symbiosis.
The LPS fractions from these fast-growing R. japonicum strains contain quite large amounts of KDO compared with the LPSs from other fast-growing Rhizobium species. In fact the LPSI fractions contain about 8% KDO, similar to the S. minnesota rough LPS used in this study, which contains 7% KDO. The LPSII fractions contain even larger amounts of KDO, up to 23%. These high levels of KDO are usually found in LPSs which are deficient in the 0-antigen polysaccharides and in portions of the core oligosaccharide (21, 22, 24) . Perhaps the large amount of KDO in these LPSs causes this molecule to be highly labile, and it is partially hydrolyzed during its purification. This could account for the heterogeneity of the LPSII fraction as seen by the broad peak eluting from the 4B column. Results in our laboratory show that the LPS fractions from the slow-growing R. japonicum strains are atypical in that they contain very low amounts of KDO (Carlson and Keohler, Plant Physiol. 72:24, abstract no. 133, 1983). Thus the fast-and slowgrowing R. japonicum strains appear to be different from one another in their surface chemistry. The only other LPSs from Rhizobium species which are reported to have large amounts of KDO are those from R. meliloti strains (6, 34) .
The polyacrylamide gel electrophoresis analysis of the LPS fractions shows that only the LPSIs from both strains give bands. The banding patterns for the LPSIs from USDA 205 and HC205 are very similar to one another, but differ from the banding patterns of S. minnesota and R.
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on June 18, 2017 by guest http://aem.asm.org/ Downloaded from leguminosarum 128C63 LPSs. The heterogeneous region contains bands separated by small molecular weight intervals similar to those of the S. minnesota wild-type LPS. In the case of S. minnesota LPS these bands are thought to be due to LPSs which differ from one another by one 0-antigen repeating unit (15, 25) . This explanation may also be true for the heterogeneous bands of the LPSI fractions. If so, the LPSI fractions would have shorter 0 antigens, and they would be less variable in the number of repeating units than the LPS from S. minnesota. The larger amount of KDO in the LPSI fraction also supports the idea of a shorter 0-antigen polysaccharide. The lower band may consist of LPS molecules which lack the 0 antigen, as is the case of the LPS from the rough mutant of S. minnesota. The LPSI banding patterns are also different from those of the R. leguminosarum 128C63 LPS (Fig. 2) as well as LPSs from other fast-growing Rhizobium species (7) , in that the latter LPSs show bands separated by large, rather than small, molecular weight intervals. Thus it is unlikely that the LPSI bands are due to different aggregation states, as has been suggested for the LPS from R. leguminosarum 128C63 (7) . At the present time the reasons why no bands are observed in the LPSII fractions are not known. Both of the LPS fractions from these strains are being investigated further. The polysaccharide portions of the LPSs will be isolated by mild acid hydrolysis and gel filtration chromatography. Their compositions and sugar linkages will then be determined.
